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LOCATION 

rl States ( iov.-rnin.nt 



$50.000.01 ;, 

The Babcock & Wilcox Compa 
Barberton, Ohio, on its bid of ap 
mately $11,000,000 for furnishini 
erecting the plate steel pipes to b. 
to supply water to the turbines 
plant or otherwise regula 






-i the i 



the 



THE BUILDERS 

The Bureau of Reclamation, 
the Department of Interior, 
complete designs, lays out ar 
all structures, exercises gener 
vision of construction, mainta 
inspection of all project operat 
nishes all materials, and ma 

tervals for work completed. 



9.000. 



MATERIALS REQUIRED 

ntities of materials to be removed 
placed during construction include 
DO. 000 tons of rock excavation, which 
placed in a masonry wall, similar to 
ose on the project, would extend 2,500 
iles; more than a million cubic yards 
river fill excavation, equivalent to 
Sging a trench 100 feet wide, a mile 
ig. and 60 feet deep; and over 4,000,- 
cubic yards of concrete, sufficient to 

tr from California to Florida. 



project and for fur 



he principal labor con- 
if San Francisco, Califor- 



f sand, gravel and cobbles 
s of hydraulic machinery 




PREPARATORY CONSTRUCTION 

In order to move the immense amount 
of materials and heavy equipment re 



highways, a long elei 
sion line, and the cons 
Boulder City. 

Standard gauge tra 



Paved roads lead from U. S. Highway 
91 at Las Vegas to Boulder City, 23 
miles to the southeast, and thence to 
the top and bottom of Black Canyon. 

Visitors to the project in 1933 numbered 
132.000, and over 30,000 in March, 1934. 
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inpleu-d. All land in and 
ar Boulder City is gov- 



s electrical energy f: 
..|, .,: ti„. N. ■■..„ I., ,|, 



• than 4,000,000 K.V 



are air cooled and 
nodate 172 men, 
n. The mess hall, 
i Brothers Supply 



iles from 


Black 


Canyon and 










houses from the contractor at rate 






atic and soil 


varying from $15.00 to $50.00 for tw 






desirable in 


to six-room houses unfurnished, an 


ity of th 


dam 


ite. The gov- 


may buy their food and other suppli 




- i by the government and con- 
tractors, the gross pay roll each month 
Bonsec Hae P I Ml M. 

The water supply for the town is 
procured from the Colorado River. 

- 
ing an average content of 6.000 parts 
per million of silt and 350 parts per 
million of hardness the water passes 
through a desilting plar- 
pumped 1.S00 feet in elevation through 
a Bfix-mBe pipe line to a modern filtra- 
tion plant. Here it is s::-.er.ed by the 
addition, principally of soda ash and 
Erne, is filtered through sand 
beds and then chlorinated :- 
ing lifted an additional MO feet to a 
-gallon distribution tank on the 
hill north of the town. The per capita 



consumption is approximately ISO gal- 
lons per day during the summer months 
and 130 for the year. 

PLANT OF SLX COMPANIES, INC. 

plant and accessory features in an 
.r,d economical manner and 
within the time specified by the gov- 
ernment contract. Six Companies. Inc.. 
has built highways and railroads, 
erected machine shops, air compres- 
sor plants, garages and warehouses, 
spanned the canyon first by bridges and 
later with cableways. constructed a 
gravel screening plant and two mixing 
plants, acquired power draglines and 
shovels, trucks, cars, derricks, cranes 
and similar machines, and designed 
many original appliances for particular 
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needs. Many true 


ts of the contractor 


ing of s 


>ecialized equipme 


nt ever wit- 


will transport 16 












of 50-ton capacity 






ways and 20 


Undoubtedly this 1 


s the greatest mass- 


miles of 


standard gauge r 


ailroad were 




ts and barges, later 
;uspension bridges, and small 
5, and finally by heavy duty 

ted with loads u 

located and devised t 




, ;■ ii.l a aystei 



the Nevada 
.y telephonic 

f the loading 



SCREENING PLANT 

Companies, In.- , is r. <i nil .-.1 I 

h all concrete aggregates of sane 



i run Into Band, three sizes ol 

id J-ln< I. to 9-Inch cobbles, ai 

1 aggregates tc 




lear the plant and < thers are above Water is secured from the Colorado 

he high water surface of the reservoir. River, desilted in the < 

ilong the railroad line to the top of ment plant and pu 

The plant is the largest of its type Cement is purchas. 



MIXING PLANTS 



plant by lon§ 



pped in product to a Fluxo pneumatic pump. 

corders the silos of the high level plant or 
through a H-inch line a mile in length, 
■el and including a drop of 500 feet, to the low 
e track level plant. The flow through this lat- 
•v level ter line is at the rate of 450 barrels of 



PV ^ ^- -■'■■' ^''t 



:v*0''" 



'i±£ : 




When the mixing plants 



fill to tin- designated weight, 
to a mixer hopper and into 
. After a 2^-minute mixing 




bed, th( 



ipleted dam 

installed in 

the Nevada inner diversion 

3 to the gates in the bases of 
iwers, 2«0 feet above the river 
slide Kates in the plug will be 
id the flow downstrear 
;d by intake 
wall needle vs 



t and appurtenan 
ed Six Companies 
, 1931, and by Ma; 



proceed. Head- 



1 - 1 , ,n 



by 






emaining 15 feet in the 
loved and the tunnel 
ull 56-foot diamet 

vork. The one for drill- 
by 56-foot headings 
mipressed air drifter 
nsported by a 10-ton 



! Of 1 



t. 110 holes 20 f 
ed and loaded in 
ting round broke a 
length of 17 feet, 
of rock which wi 



shovel and a fleet of 8- and 10-cubic 

All 41-foot by 56-fcot headings were 
holed through on April fi, I'.Wl, and the 



r 2.3S pounds of powder per cubic yard. 
LINING DIVERSION TUNNELS 
Lining the tunnels with a 3-foot 
omplished by forming and pouring the 

imilar to that used for concrete high- 
ways and sidewalks; then pouring the 
ide walls behind huge steel forms, 

nd finally building the arch by forcing 

t 100 pounds pressure 

lixing plant produced 



from compre; 



transportatioi 


fro 


n the plan 


was first 


bv truck and 


the 






Buckets used 




of the 2-c 








ubic yard 




Curing of finis 


hed 




is secured 


by spraying vs 


ith 




inting the 


surface with - c 






process). Afte 






ere drilled 


through the c 




■te into th 


rock and 



around the tunnel. Approximately 300,- 

period of 368 days. 

DIVERSION 

By November 13, 1932, eighteen 
months after the first excavation, the 

the river flow, and simultaneous blasts 
on that date at inlets and outlets sig- 



?en throwi 



estle bridge 



four hours 


tb. b 


idge was co 


vered by 






















nporai y dam of earth 










pushed ou 


fron 


the Arizon 


a to the 


Nevada si 








from the 




outlets. The water 














pumped ou 


and ex- 








the en- 


tire channel for 






cofferdams 










COFFERDAMS 








of the cres 


t on the 




erdam 


is 800 feet 




from the a 


xis of 


Boulder Dai 


i and 650 



cofferdams 
earth, the 
protected t 



s of both 
of rolled 
■hich are 






wide, 98 feet high, and 70 fee 

;it the crest. The lower cofferdam is 500 

feet thick at the base, 66 feet high, 

rock barrier has a base thickness of 
210 feet and a height of 54 feet. The 
cost to the Government for the diver- 
sion tunnels and cofferdams was nearly 
twenty-three million dollars. 



HIGH SCALING 

ug loose and projecti 
walls of the canyon 



gravel foundation 18 feet below the 
river bed and the removed material 
transported by truck and train to dump 
grounds 3 miles up the river. Sand, 
gravel and clay from deposits in Hem- 
hauled by train and truck to the coffer- 



>y bulldozer 

sheep's foot rollers. As 
?ks, 4 trains and 5 power 
I day and night for two 
nplete the fill, moving 
ards of earth, including 



wall outlet works and power 
house. "High Scalers" employed for the 
work, in April, 1933, numbered ap- 
proximately 400. 




channel pi 

ill tw.TlM four li 






mp gr."'ii.l Dn 






r of 1935. 





of the 






f 


the 




eing 500 feet 




approximately 6,500,000 








will he 727 






tlllrk 




s 


and 


;r 


thick at the 
its height is 




,;- ,',' 


,- I. OS 


Angeles City 
than that of 




1 [!u 


.ling 


in New York 








erature of 35° to 




the lines, cooling 




as 42" P. The 14- 


for 




li- 


8-foot slot that 




enter of the dam. 








ooling of the dam 


tre! 


for that lift. 



. the s 



U..-.1 l 



he high-, 
t mixture 



cf grout is forced through t 
pipes into the cracks opened up be- 
tween the columns by the contraction 
due to cooling. The section thus cooled 
and grouted is then allowed to resume 
the temperature of the surrounding 

arried from column to column by the 



joint fillin 
ponen 



of g 



of the 



e in 



5 all c 



ion in * ranee. ^ ^ 


vents narking, which 


".ally 


COOLING AND GROUTING 








THE DAM force. Another eltect ot th 


Sidrs'o'f 




he dai 






utstanding and the unusual plan of 




walls. 






The i 


tmnsplu rie tower for 


the cool- 


ai note. The vast bulk of the dam has 








jrovided a problem in temperature 




and the refrigrral ing 


plant on 


tresses that required much thought a canyon wall bench, just 




nd research before a solution was at- from the cofferdam on the 


Nevada 






e plant is equipped \e 




rete, using standard Portland cement, 


,„ ; ,i,l,.. 


e ammonia refrigeiat 


ng units 


s raised approximately 40* by the and on 


standby unit, as w 




hemical action of setting, and if the pumps 








e cooling water tower 


through 


eriod of as much as 150 years would 
















nedium. During all that time, tem- 


trr< 






racking would result from differential 


^4rmfe^tT» , ~ 
























5331 <-- ftS 








i \ } * 


wfT A-i! 






-foot intervals vertically and 5 feet 9 




»Br^ A\ 






nches horizontally throughout the 




Wjti\y* 






tructure, and grout pipes are installed 








eading to the sides of all columns. 










Water from an atmospheric tower at 










lightly below air temperature is first 




~^?-± ■ * w\ 












naximum cooling is secured by this 




umping le Tons of Conor 


re 






I I .i-i.i cli-cl II. w 



?■■ JK1 






s - 


SS . J — - 


hhi ' r : — f-'«A ■ m, ■•• l!_ 



SI Channel of Nevada Spillway 










Tower Gat 


supports 


for 


nost o 


the tunne 


hut is 
















in the \ 






• below th 




1 and dowi 


stream fr. 




enings. and 


'rem the c 




do 




m. The le 


the pens 






tlet head,:- 


is 1,550 


leet 


on the 




1,375 fee 
















the lie 




"nil "in. 




'th te i d 8 i 


nches^of c 


















ing and 


run 


from t 


he 30-foot 









■ header tunnels for installing the 25- 
t and 30-foot pipes. 
ii.il. i tunni Is, six in number, are 
■izontal, 140 to 176 fee) in length, 

re been excavated t.. a I 
>e section and will not be lined. Out- 
conduits, 81,4 feet in diameter are 
itered in the tunnels and the space 
ween pipe and rock filled with con- 
and 84-inch n 



p will I. 



lduit. ' 



tailed ;, 



. MX, I 



I portals. Lengths of 
:ks are approximate- 



f power house through 




, the portal of which is lo- 
ectly below the construction 

iously mentioned, have been 



nel outlet. The 
i needle valves. 



1 the inclined tunnel, at loca- 
t openings, downstream from 



imately horizontal but the c< 

of 45 feet from canyon wall t 

excavated, the penstocks 
the 13-foot pipe will be inst; 
tunnels i 



cribed for the upper 

Excavations of the construction adits 
and upper penstock header tunnels were 
accomplished with drilling jumbo equip- 
ment, small 1' 4 -cubic yard power shovel 
and 8-cubic yard trucks. The jumbo was 

and a heading 41 feet wide by 36 feet 
high was drilled and loaded it 



-iaded i. 



)ugh the 






Ulled . 



The Inclined header tunnel from the 

ing a 7-foot by 14-foot top heading from 
the arch of the diversion tunnel, en- 
larging downward to the door of the 
incline, and breaking the remaining 
sections into the slot thus formed, start - 
p and working down- 



ward o 



iived from the div 



i. The n 













Concrete from the high level plant 


the Bureau of Reclamation. .Most of 


lowered from canyon rims by 15- 


the pipes are too large to be trans- 


derricks to a hopper above the lip- 


ported on existing railroads and are 




thus required to be fabricated on the 




project. The contractor has erected a 


position. 


plant for this purpose on the road from 


oncrete lining in the horizontal pen- 


Boulder City to the .lain, approximately 


-k tunnels and the lower portions 


H4 miles from the top of the Nevada 


he inclined tunnels was placed by 


abutment. 




Length of the plant with storage yard 


pump was located at the canyon 


and connecting government warehouse 



?yed to forms v 



of pipe the plates for the 8%-foot am 
13-foot units are approximately 11 fee 
long and of sufficient width (26.8 fee 
to 41.2 feet) to complete a section o 



The Babcock & ' 



d and installed b 




hydraulic pres 
bent to the pre 



and th< 



gether, and the girth seams 
ed by the automatic machines Butt 
straps, into which an adjoining pipe will 
tit when installed in tunnels, arc shrunk 
cm and welded to one section of the 
pipe preceding assembly and girth 
welding. 
The succeeding operation, after weld- 

shed, is to subject the 

longitudinal and girth joints to the 
scrutiny < I a pow, rful X-ray which pro- 
photograph of the fusion weld 






. defec 



apparatm 
mil Is capable 

s Of steel plat 



ther 



. The 



800,01 



four inches 






iiM^tfm 


38B.a00.Voli X-Ruy 


X-rayed again 


and the photographs 


of time equal to one hour for each 








The required 












picked up by o 


e or more of the 75-ton 






n.i conveyed to a stress 


stresses set up in the pipe bj rolling 


relieving furna 


ee, placed in the oven, 


and welding. 


and the tempei 




The final act of fabrication is the 


The pipe soaks 


at this heat for a length 


machining of the pipe ends to exact 



















foot a 


m. for the 2 


30-foot di 








then 


shot blasted 


all scale a 


oris°c 


le e a d ne W db h v C a°i? 






ed with a pr 








All pipe 








Dorted 


by railroad 


plant to a 


cable 






.-a by 


the Governm 






landing plat 


hauled to 






The 25- 







forms and 



signed railroad carriages < 
r of platforms, taken sideways 
love stock header tunnels or inne: 



of a pipe is heated by a gas ring and 
end of the connecting pipe pushed 

luded pipe are then fastened to- 



1S5 fiit to 465 feet apart and the center 

until the pipe is at a temperature of 
50' F. or less. This temperature Is ap- 
proximately the same as that of the 
pipe when filled with water, thus n .lin- 
ing the temperature stress in the pipe 
to a minimum. 

The weight of pipe to be fabricated 
amounU to 88.000,000 pounds oi more 
than 900 carloads. Approximately 76 
miles of electric welding will be re- 
quired, using 1,000 tons of welding rod. 
Film for the X-ray photographs If 
placed end to end would extend 2'J miles. 
Th. largest pipe section will be 30 feet 
in diameter, 22 feet long, have a plate 
thickness of ■>% inches, and weigh 1S6 
*-— , Including 5 tons of weld metal, 



•arly e . 



weight c 
s on the 



GOVERNMENT CABLEWAY 

permanent cableway, built for 

Government us.- by contract with the 

Lldgerwood Company of Elizabeth, New 

Jersey, will be employed during the 

steel pipe, power house machinery, 

i steel and other supplies, and' 

later to convey replacements and new 

machinery for the power plant from 

from the power bouse. 

Location of the cableway is 1050 feet 
downstream from the dam crest and 
the track cables cross the canyon di- 
rectly above the portals of all eoristrue- 



adlts, 

landings will be b 
Is 160 tons, but 1 

blocks, will be 

cables. These lat 
each 3% Inches 

in canyon walla is ace 
pllshed by driving tunnels 50 feet t 
feet long, excavating an eighteen- 
bulb at the ends of the tunnels, < 
ting the cable* by plates and 



Jilt. Its nominal rating 
.ads of more than 200 
a. k carriage and fall 

er are six in number, 
In diameter, spaced 






. 13 fo, 



by 1 



el grid In the bulb and pouring bulb 
I tunnel full of concrete The pull on 
h canyon wall anchorage with a load 



i. . i and tin i 

ly 600 feet. The track carriage weighs 
' I ""I travels on 48 wheels. Lift- 
ing is done by two hoists, each 13 feet 
in diameter and 17 foot long, operating 

11 'nh an eight part line to the 5-ton 

lull blocks which an conn., led l„ ||„. 

accomplish. ,l l, , ihh.i hoi l .•,,„! I wo 
endless cables. The hoisting speed Is 
30 feet per minute uilh loads of 40 tons 
or over and 140 feel per minute with 
lighter loads. Conveying speed is 240 
'• i i p< i minute. Power is delivered at 

2300-volt alternating current and t,:,n 
ferred to direct current by a motor 
• ' I acb hoisting drum Is 
driven by a 175 H.P. D.C. motor and 
the conveying drum by a 400 H.P. motor. 
Operation is by remote control from 
any of the five stations near landing 



POWER PLANT 




Construction of the power 


house ha: 








g started. 




id by six 








nt forces. 


Tin masslvi i hi i - 


ructure of 




mediately 


downstream from the dam, 


II. <• Wings 


nestling against the canyon 




the conn., ting section rest! 






'lie line. 1, 


at each wing is approzln 


a lei j 625 


feel i nil I In dam : cot ion 300 feet, or 


a total of more than V* mile. 




Lowest concrete In any po 




li ation 550 an 


1 lie ,,,..1 


is at 7*0. a difference in height of 330 


feet, or nearly 20 stories. The power 


house will rise i:,r, feet above low water 


surface. The roof will cover 


nearly 1 


acres, (equal to two city hi 




will be composed of eight la 




two of these being reinforced 




another asphalt paving, a 


other 18 



ravel, a 



e top of soil plante 



will he 1,-3, hi,. , HI' . on i ling of lif- 
teen 115,000 HI', units and two Of 55,- 
000 H.P. Four of the larger units and 
one of the smaller will be installed dur- 
ing the present period of construction 
and the others as required to supply the 




jrnished for prese 



equipped with scroll 
width; generators of 
ig to be operated at 
■ weighing 905 



excavations for diversion t 
place on May 16, 1931, the tunnels were 
excavated by May 27. 1932. and lined by 
March 8, 1933. Initial diversion occurred 
on November 13, 1932, the cofferdams 
were completed April 1, 1933, and the 
first concrete for the main dam struc- 
ture was poured on June 6, 1933. 

Under present plans, water will start 
rising back of the partially completed 
dam by February 15, 1935, and the first 
power will be generated in September 
of that vear. All concrete will be poured 
in the dam by May, 1935, and all con- 
struction, except installation of power 
should be completed 



eightee 



lonths ahead 



In the delta region, near its mouth, 

perial Valley, and in 1905 broke through 
its silt banks, destroying lands and 



e a supply of domestic water for 
mother aggravation and tremendous 
m the stream, is the mud that is 




The average weight of silt carried by 


Contracts for power were signed, be- 


the river through Black Canyon is 300 


fore Congress appropriated any funds 


tons a minute, or sufficient to cover 


for the project, with the City of Los An- 


170 square miles a foot deep in one 


geles, Southern California Edison Com- 




pany, and Metropolitan Water District 


the water velocity is reduced. 


of Southern California. 


The fact has long been recognized 


The world's largest power transmis- 






the construction of a high dam, but 


Bureau of Power and Light of the City 


the project was not economically feasi- 


of Los Angeles, from Boulder Dam to 


ble until a market for power had been 




developed to carry the major construc- 


large blocks of cheap power were in- 




strumental in financing the Boulder 


energy developed. 


Canyon Project. 






the design of the dam, reservoir and 


ing a single circuit, are under erection 


power plant. The dam will be built of 


from Boulder Dam to Cajon Pass, a dis- 


sufficient height to impound 30,500,000 


tance of 230 miles, and the remaining 


acre feet of water in the reservoir, an 


40 miles to Los Angeles will be built 


ample volume to control all upstream 


with single towers, each supporting two 


floods, store water for regulated dis- 






The line to Cajon Pass will require 


basin for the deposit of silt. The dam. 


2,411 steel towers placed in parallel 


reservoir and power plant will have 


rows and spaced 800 to 1,000 feet apart 



feet in height and 



Stanford Uni 
involved ii 



s of America's 

establishments 

>re particularly 

; J. Ryan Laboratory, at 

-in an effort to 

tiission of 275,000 

•ansmitted before 
. The so-called 
f conductor was 

i of interlocking spiral 



Work was started on the line June 3, 
1933, following a loan of $22,800,000 from 
the Reconstruction Finance Corpora- 
tion to the Bureau of Power and Light. 



and warm offering opportunities and in- 
ducements for boating, fishing, swim- 
ming and exploratory excursions into 
the relatively unknown regions border- 

PERSONNEL 

Principal officials " 



i of 1 



Dam are 



listed below. 

Department of Interior 

Secretary Harold L. Ickes. Washing- 
ton, D. C. 

Bureau of Reclamation 
Commissioner Elwood Mead, Wash- 



Chief Engineer, R. F. Walter. 
Asst. Chief Engineer, S. O. Harper. 
Chief Designing Engr., J. L. Savage 

Construction Engr., Walker R. Young 
Office Engineer, John C. Page. 
Field Engineer, Ralph Lowrv. 
Chief Clerk, E. R. Mills. 
City Manager, Sims Ely. 
Six Con 



H. 



Mor 



erpoise. and 253.700 
, 10 to 1014 inches 



Director of Constr., Charles A. Shea. 
Gen. Superintendent, Frank T. Crowe. 
Asst. Superintendent. B. F. Williams. 
Chief Engineer, A. H. Ayers. 
Manager Boulder City Co., J. F. Reis. 



Mr allocations are 9.500,000 acre 
ood control, 5,000.000 to 8.000.- 
eet for silt pocket, and 12.000,- 



be tremendous, but if upstream de- 
jment continues as it has in the 

nly one-tenth filled with silt at the 
of 50 years. 

creational possibilities offered by 
ake behind the dam have not been 
tioned among the other benefits, 



ce President, isaac'Harter. 
neral Superintendent, J. E. Tra 

oject Superintendent, R. S. Ce 



l.-nd.-n 



\ Ker 
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